ABSTRACT
. 2 Comprehensive reviews of different change detection approaches using EO data have been provided in 3 the literature (Coppin et al., 2004) . Crude 'from-to' assessments have typically been employed, along 4 with a variety of methods that analyse bi-temporal change (Coppin et al., 2004) . The majority of 5 algorithms apply a Post-Classification Comparison (PCC; Onur et al., 2009) or, less frequently, 6 contextual classifiers (Magnussen et al., 2004) or an image-to-image comparison between different 7 dates (Berberoglu & Akin, 2009) . Although PCC methods are successful in identifying the location, 8 extent, and nature of changes (Foody, 2002) , they often lead to the identification of false change due to 9 single-date classification omission and commission errors (Foody & Boyd, 1999) . The image archives 10 available nowadays permit the shifting towards more sophisticated multi-date change analysis 11 techniques (Kennedy et al., 2007; Huang et al., 2010) . Unfortunately, the complexity of such analyses 12 increases exponentially with every added image and, as Kuemmerle et al. (2009) suggest, it is probably 13 best to accurately classify individual images first and assess change a-posteriori. 14 To improve the efficiency of a forest cover change analysis, Kennedy et al. (2007) developed a 15 trajectory-based change detection algorithm using multi-temporal Landsat data. They identified as 16 primary source of error in their analysis the mis-registration of images in a stack. Bodart et al. (2011), 17 under the auspices of the Joint Research Centre of the European Commission TREES-3 project, 18 developed a pre-processing chain of multi-temporal Landsat data for classifying tropical forests using 19 an object-based supervised classification approach. They argue, as do Hansen et al. (2008) , that 20 misclassification of forest changes is greatly restrained by reducing the effect of external factors, such 21 as differences in atmospheric conditions, temporal variations in the illumination and viewing angles and Australian continent (Caccetta et al., 2007; Lehmann et al., 2012) . As in the case of Hansen et al. (2008) 5 and Bodart et al. (2011) , the CSIRO methodology places emphasis on the creation of consistent time-6 series Landsat data, before it moves on to apply a multi-temporal classification scheme (Furby, 2002; 7 Caccetta et al., 2003) with a view to minimise commission and omission errors due to individual-year 8 image classification errors. The methodology also maps the increasing, decreasing or stabilising trend 9 in the density of WPVC, which is appropriate for the identification of areas that warrant attention and 10 the adaptation of mitigation, reforestation, or other land management policies.
11
Here, our main aim is to use the CSIRO methodology in a Spanish area as a trial of its applicability in a 12 Mediterranean environment. The area has been subjected to major changes in WPVC, mainly pine 13 forests of the Pinus halepensis Miller species and Mediterranean shrubs (matorral or maquis, typically 14 consisting of densely growing evergreen shrubs), as a result of forest fires (Cerdà et al., 1995; Bodí et 15 al., 2011) , the abandonment of agricultural and grazing land (Bonet 2004; Chrenková et al., 2014) , the 16 transition to a more industrial and tourism-oriented economy, and the intensification of agriculture, 17 amongst others (Symeonakis et al., 2007) . Forest fires are particularly seen as one of the most important 18 drivers of the observed land degradation in the region (González-Alonso et al., 2007)  to carry out a validation of the multi-temporal classifications using aerial photography in order to 27 assess the performance of the methodology in the study area. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 A large set of training samples was used to optimize the representation of environmental heterogeneity. Index 2 = band4 -band2. identified from the training data. They were then refined by considering the entire image area. The 5 previously applied calibration meant that the thresholds derived for the 2001 image could be applied to 6 the rest of the images. The indices and thresholds were used to calculate a probability of woody cover , 1987-1992, 1992-1994, 1994-2000, and 2000-2001 (Table 4) .
22
Disturbances were the main reason for these changes: those that occurred during the first period 1994) (class 211 and 212 in Figure 3a) and those of the second period (1994-2001; classes 121 and 221 24 in Figure 3a) . The total area covered by these disturbances together is about 66km 2 , which represent 8% 25 of the study area or 20% of the area that was WPVC in 1987. They appear clustered in the northwest, Figure 3a ) or in 5% of the total study area. The latter percentage is calculated by also 5 including the areas that were covered by WPVC in the beginning of the period of study (i.e. 1987), 6 suffered some disturbance between 1987 and 1994 but recovered in the second period (class 212 in 7 Figure 3a ). Recovery mainly occurred in three areas: one in the northeast, one in the centre and one in 8 the southeast (Figure 3b ). Regeneration annual rates are also on the increase, since they appear to be 9 higher in the second period (1.06%) than in the first (0.81%). in most woody areas that were not disturbed by fire (shades of blue in Figure 65a) . A large number of 6 woody areas in 1987 were found to be declining in terms of their density in WPVC mainly due to the 7 two main fire events in the northwest and the east (in shades of red in Figure 65a ). The visualisation of 8 the density trends 6-band output file also revealed areas in the north of the study area that faced some 9 disturbance but appear to be recovering back to 1987 woody cover density levels (shades of green in 10 Figure 65a ) as well as areas that were disturbed but only partially recovered (yellow and cyan pixels in 11 Figure 65a ).
12
The mapping of WPVC density trends allows for the distinction between various types of disturbance Mediterranean environments and the complexity of the respective calculations.
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